We report on the generation of ultrafast vortex beams in the deep ultraviolet (DUV) wavelength range at 266 nm, for the first time to our knowledge. Using a Yb-fiber-based green source in combination with two spiral phase plates of orders 1 and 2, we were able to generate picosecond LaguerreGaussian (LG) beams at 532 nm. Subsequently, these LG beams were frequency doubled by single-pass, secondharmonic generation in a 10 mm-long β-BaB 2 O 4 crystal to generate ultrafast vortex beams at 266 nm with a vortex order as high as 12, providing up to 383 mW of DUV power at a single-pass, green-to-DUV conversion efficiency of 5.2%. The generated picosecond UV vortex beam has a spectral width of 1.02 nm with a passive power stability better than 1.2% rms over >1.5 h. Optical vortex beams are spatially structured beams with a helical wavefront. As vortex beams have a phase singularity, they have a doughnut-shaped spatial profile with zero intensity at the center. Such beams are characterized by a topological charge (order), or winding number, and are found to carry an orbital angular momentum (OAM) of l ℏ per photon [1]. Due to the doughnut spatial structure, and also the association of OAM, optical vortices are of interest for a variety of scientific, industrial, and medical applications [2,3]. However, many such applications require vortex beams in the blue, ultraviolet (UV), and deep ultraviolet (DUV) wavelength regions. For example, optical vortices at shorter wavelengths improve the resolution in spectroscopy [4], enabling a multilateral increase in resolution below the diffraction barrier in fluorescence microscopy [5][6][7]. Similarly, optical vortices in the blue-UV wavelength range [8] are essential in the field of quantum optics for entanglement in OAM states of photons [3].
We report on the generation of ultrafast vortex beams in the deep ultraviolet (DUV) wavelength range at 266 nm, for the first time to our knowledge. Using a Yb-fiber-based green source in combination with two spiral phase plates of orders 1 and 2, we were able to generate picosecond LaguerreGaussian (LG) beams at 532 nm. Subsequently, these LG beams were frequency doubled by single-pass, secondharmonic generation in a 10 mm-long β-BaB 2 O 4 crystal to generate ultrafast vortex beams at 266 nm with a vortex order as high as 12, providing up to 383 mW of DUV power at a single-pass, green-to-DUV conversion efficiency of 5.2%. The generated picosecond UV vortex beam has a spectral width of 1.02 nm with a passive power stability better than 1.2% rms over >1.5 h. Optical vortex beams are spatially structured beams with a helical wavefront. As vortex beams have a phase singularity, they have a doughnut-shaped spatial profile with zero intensity at the center. Such beams are characterized by a topological charge (order), or winding number, and are found to carry an orbital angular momentum (OAM) of l ℏ per photon [1] . Due to the doughnut spatial structure, and also the association of OAM, optical vortices are of interest for a variety of scientific, industrial, and medical applications [2, 3] . However, many such applications require vortex beams in the blue, ultraviolet (UV), and deep ultraviolet (DUV) wavelength regions. For example, optical vortices at shorter wavelengths improve the resolution in spectroscopy [4] , enabling a multilateral increase in resolution below the diffraction barrier in fluorescence microscopy [5] [6] [7] . Similarly, optical vortices in the blue-UV wavelength range [8] are essential in the field of quantum optics for entanglement in OAM states of photons [3] .
Conventionally, generation of optical vortices relies on the phase modulation of a Gaussian beam using spatial light modulators (SLMs) [9] and spiral phase plates (SPPs) [10] . Unfortunately, the low damage threshold of the liquid-crystal-based SLMs has restricted their use for wavelength above 400 nm. Additionally, SLMs are only useful at low optical powers. On the other hand, while SPPs can handle high laser powers, practical limitations in the fabrication technology have restricted their use to wavelength regions in the near-UV and below. Alternative techniques such as fork-shaped diffraction gratings [11] and mode converters [12] also suffer from common drawbacks of low output power, high losses, and system complexity, especially in the DUVwavelength range. Therefore, it is imperative to devise an alternative approach to the generation of high-power and high-order optical vortices in the DUV-wavelength range.
Traditionally, DUV wavelengths are accessed through nonlinear frequency conversion techniques such as secondharmonic generation (SHG) and fourth-harmonic generation of visible and near-infrared (IR) laser sources. Therefore, nonlinear frequency conversion of optical vortices in the visible and near-IR can be the most direct route to the generation of optical vortices in the DUV. As the efficiency of the nonlinear process for a given laser is critically dependent on different crystal parameters, such as effective nonlinear coefficient, spatial walk-off, and phase-matching properties, the ability to generate high-power optical vortices in the DUV depends on the choice of a suitable nonlinear crystal. In this context, it is important to note that, out of all the prominent nonlinear crystals, β-BaB 2 O 4 (BBO) possesses the highest nonlinear coefficient (d ef f ∼ 1.75 pm∕V) together with a short transmission cutoff extending down to 180 nm, making it the most viable candidate for vortex beam generation in the DUV [13, 14] .
Here we report the first experimental demonstration of ultrafast optical vortex beam generation in the DUV. By deploying a two-stage SHG process with a picosecond Yb-fiber laser at 1064 nm in Gaussian beam profile as the fundamental pump source, we have generated vortex beams of order as high as 12 in DUV at 266 nm. In the first stage, the fundamental laser is frequency doubled to 532 nm in a 30 mm-long LiB 3 O 5
